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[57J ABSTRACT 

An electrorefining process and apparatus for the recov- 
ery of uranium and a mixture of uranium and plutonium 
from spent fuel using an electrolytic cell having a lower 
molten cadmium pool containing spent nuclear fuel, an 
intermediate electrolyte pool, an anode basket contain- 
ing spent fuel, and two cathodes, the first cathode com- 
posed of either a solid alloy or molten cadmium and the 
second cathode composed of molten cadmium. Using 
this cell, additional amoimts of uranium and plutonium 
from the anode basket are dissolved in the lower molten 
cadmium pool, and then substantially pure uranium is 
electrolytically transported and deposited on the first 
alloy or molten cadmium cathode. Subsequently, a mix- 
ture of uranium and plutonium is electrotransported and 
deposited on the second molten cadmium cathode. 

18 Oaims, 3 Drawing Sheets 
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ELECTROREFINING PROCESS AND APPARATUS 
FOR RECOVERY OF URANIUM AND A MIXTURE 
OF URANIUM AND PLUTONIUM FROM SPENT 

FUELS 5 

CONTRACTUAL ORIGIN OF THE INVENTION 

The United States Cjovemment has rights in this 
invention pursuant to Contract No. W-3 1-109-38 be- 
tween the United States Department of Energy and 
Argonne National Laboratory. 

BACKGROUND OF THE INVENTION 

This invention relates to a process and apparatus for 
eiectroiytically refining spent fuel from a nuclear reac- 
tor and recovering purified uraniimi and a mixture of 
uranium and plutonium for use as fresh blanket and core 
fuels in a nuclear reactor. More particularly, this inven- 
tion relates to a process and apparatus for rrfining spent 
blanket and core fuel in a single electrorefining cell by 
dissolving uranium and plutonium from the spent fuel in 
a molten cadmium pool, eiectroiytically depositing pu- 
rified uranium on one cathode and subsequently eiectro- 
iytically depositing a mixture of uranium and plutonium 25 
on a second cathode. 

Electrorefining processes have been generally used to 
recover high purity metal or metals from impure feed 
materials and more particularly, to recover metals, such 
as uranium and plutonium, from spent nuclear fUel. 3Q 
Electrorefining of spent nuclear fuel is carried out in an 
electrolysis cell of the kind disclosed in U.S. Pat. Nos. 
2,931,793 and 4,596,647. In such cells, the spent nuclear 
foel forms the anode, or is dissolved in a anode pool An 
electrolyte of fused salts is used, and the purified metal 35 
is transferred eiectroiytically and collected on the cath- 
ode. In other designs, the anode pool is located at the 
bottom of the cell, and the cathode may be located 
above the anode in an electrolyte pool. 

While the electrorefining process and apparatus cur- 40 
rcntly used to recover uranium and plutonium from 
spent nuclear fuel have certain advantages, it is by ne- 
cessity a multi-stage operation to obtain both uranium 
and a mixture of uranium and plutonium for use as blan- 
ket and core fuels in nuclear reactors. This multi-stage 45 
operation includes the steps of electrorefming the spent 
blanket fuel in an electrolysis cell to obtain uranium and 
plutonium, separating the uranium and plutonium ob- 
tained from the blanket fuel by halide slagging, adding 
the recovered plutonium to the electrolyte pool in the 50 
electrolysis cell to enrich the core fuel and then electro- 
refming the spent core fuel to obtain a mixture of ura- 
nium and plutonium. In addition, this process uses solid 
cathodes in -electrolysis cells which provide for the 
recovery of uranium and plutonium sequentially, rather 5s 
than simultaneously. This process features results in an 
increased concentration of plutonium in the electrolyte 
salt which is undesirable. Accordingly, a new electrore- 
fining process and apparatus are derived which elimi- 
nate the multistage operation and provide for the se- 60 
quential recovery of uranium and a mixture of uranium 
and plutonium to be used as new blanket and core fuel, 
respectively. 

SUMMARY OF THE INVENTION 

One of the primary objects of the invention is to 
provide an improved electrorefming process and appa- 
ratus for the sequential recovery of uranium and a mix- 
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ture of uranium and plutonium from spent nuclear fuels 
in a single electrolysis cell. 

Another object of this invention is to provide an 
improved electrorefming process and apparatus by 
which spent nuclear fuel, including blanket and core 
fuel, may be refmcd to recover uranium and a mixture 
of uranium and plutonium in a single electrolysis cell. 

A further object of this invention is to provide an 
electrorefining process for the recovery of uranium and 
a mixture of uranium and plutonium in sufficient 
amounts and concentrations to produce new blanket 
fuel and core fuel for use in nuclear reactors. 

It is an additional object of the invention to provide 
an electrorefining process and apparatiis which use an 
electrolysis cell having two cathodes for the sequential 
recovery of uranium and a mixture of uranium and 
plutonium in a single electrolysis cell. 

Briefly, the invention is directed to an electrorefining 
process and apparatus for recovering uranium and a 
mixture of uranium and plutonium from spent fuels 
using an electrolytic cell having a lower molten cad- 
mium pool containing spent nuclear fuel, an intermedi- 
ate molten electrolyte pool containing mixed metal 
chloride salts floating on said lower molten cadmium 
pool, an anode basket containing spent nuclear fuel, two 
cathodes, and electrical power means connected to the 
molten cadmium pool and an anode and a plurality of 
cathodes for providing electrical power to the cell. 
With this cell, additional amounts of uranium and pluto- 
nium from the anode basket are dissolved in said molten 
cadmium pool, and then purified uranium is eiectroiyti- 
cally transported to and deposited on a first cathode. 
Subsequently a mixture of uranium and plutonium is 
eiectroiytically transported to and deposited on a sec- 
ond cathode. More particularly, the process of the pres- 
ent invention uses a single electrolysis cell with two 
cathodes: a first cathode which may be composed of a 
solid alloy or molten cadmium and a second cathode 
composed of molten cadmium, wherein purified ura-" 
nium is eiectroiytically deposited on the first cathode 
and a mixture of uranium and plutonium is eiectroiyti- 
cally deposited on the second cathode. Some of the 
advantages of the process of this invention are (1) the 
electrorefining of spent fuels to recover uranium and a 
mixture of uranium and plutonium can be carried out in 
a single electrolysis cell; (2) spent blanket and core fuels 
can be refmed simultaneously; (3) the halide-slagging 
step is eUmmated; and (4) the resulting products, ura- 
nium and a mixture of uranium and plutonium, can be 
used as new blanket and core fuels, respectively, in 
nuclear reactors. 

Further objects and advantages of the process and 
apparatus of this invention will become apparent from 
the following detailed description of die invention 
when taken in conjunction with the accompanying 
drawings wherein like reference numerals designate like 
elements throughout the several views. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a sectional view of one embodiment of an 
electrolysis cell as one embodiment of the invention. 

FIG. 2 is a sectional view of an electtolysis cell as 
another embodiment of the invention. 

FIG. 3 is a sectional view of a cadmium cathode 
included in the apparatus of FIGS. 1 and 2 and used in 
the process of this invention. 
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DETAILED DESCRIPTION 

As generally referred to, spent fnel is a niixture of the 
blanket fuel and core fuel used in nuclear reactors, and 
is composed of a mixture of U and Pu contaminated S 
with one or more metals such as, for example, Mo, Ru, 
Rh, Zr, Pd and Pt, as well as other metals and non-met- 
als, for example I and Kr. The spent fuel is removed 
from the blanket and core subassemblies and is provided 
as small disk-like sections cut from a fuel rod to expose 10 
the spent fuel. When the spent fuel is introduced to the 
electrolysis cell, some of the outer fuel cladding, which 
is insoluble in the electrolyte or cadmium pools, is also 
present 

Two embodiments of the electrolytic cell of this in- 15 
vention are illustrated in Y^GS. 1 and 2 (elements com- 
mon to both FIOS. 1 and 2 are indicated by common 
reference numerals). In general, a cell 10 includes a 
metallic pot 12 preferably constructed of an iron alloy. 
Located around an outer wall 14 of the pot 12 and an 20 
insuladon layer 16 (which is usually A1203 — S^) are 
heating coils 18 for heating the pot 12 and i^s contents to 
temperatures in the order of approximately 450*-525' 
C. The metallic pot 12 is closed at a bottom portion 20 
to hold a lower molten pool 22 of cadmium and dis- 23 
solved components of the spent fuel. Above the lower 
molten cadmium pool 22 in an intermediate portion of 
the metallic pot is an electrolyte pool 24 which is com- 
posed of one or more alkali metal halides and halide 
salts of the metals to be recovered. Preferably, the alkali 30 
metal haHde salt is eutectic salt of LiCl — KCl (approxi- 
mately 45 weight percent LiCl, 55 weight percent KCi) 
with a melting temperature of approximately 352' C, 
plus the chloride salts of U and Pu. 

The cell 10 also includes one or more anode baskets 35 
26 which are extendable into the electrolyte pool 24 and 
are further extendable into the lower molten cadmium 
pool 22. Spent fuel to be refmed by the process of this 
invention is placed in one or more of the anode baskets 
26. As illustrated in FIG. 1, one embodiment of the 40 
electrolyte cell 10 of this invention also includes at least 
two cadiodes 28 and 30, which can be extended (as 
shown by phantom lines) into the intermediate electro- 
lyte pool 24 for collecting the recovered metals and 
retracted (as shown by phantom lines) to an area 32 45 
above the electrolyte pool. Cathodes 28 and 30 are 
liquid or molten cathodes, preferably molten cadmium 
cathodes. One embodiment of the molten cadmium 
cathode 28 or 30 is shown in FIG. 1, and further illus- 
trated in FIG. 3, wherein the molten cadmium is con- SO 
tained in a crucible 34, preferably a berylliimi oxide 
crucible, and is supported by a cradle arrangement 36, 
for extending and retracting the molten cadmium cath- 
ode 28 or 30 into and out of the electrolyte pool 24. The 
cradle arrangement 36 must be electrically insulated to 55 
prevent deposition of product thereon. An electrical 
lead 38 into the molten cadmium cathode 28 or 30 must 
also be electrically insulated to a point below the sur- 
face of the cadmium cathode 40. The shape of the cruci- 
ble 34 must allow for easy release of the product after 60 
processmg, and while the shapes may vary, disk-shaped 
or conventional cylindrical crucibles with tapered inner 
walls are preferred. 

As illustrated m FIG. 2, another embodiment of the 
electrolytic cell 10 of this invention includes as a first 65 
cathode 42 a conventional solid cathode composed of 
carbon steel or possibly an alloy of molybdenum-tung- 
sten for recovering U. Solid cathode 42 is constructed 
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with a central metallic rod 44 and an outer non-conduc- 
tive, perforated cover 46. The cell 10 also includes a 
second cathode 30 of molten cadmium for recovering 
the U and Pu mixture. The structure and design of the 
molten cadmium cathode 30 is the same as that de- 
scribed above, and farther illustrated in FIG. 3. Both 
cathodes 42 and 30 can be extended into the intennedi* 
ate electrolyte pool 24 for collecting the recovered 
metal and retracted to an area 32 above the electrolyte 
pool. Other embodiments of the invention can include 
more than two cathodes and any number of conven- 
tional solid cathodes or molten cadmium cathodes can 
be used. However, in accordance with this invention, 
molten cadmium cathodes should be used to recover the 
mixture of U and Pu. 

As also illustrated in FIGS. 1 and 2, the cathodes 28 
and 30, or 42 and 30, the anode 26 and the lower molten 
cadmium pool 22 are connected to power sources 50, 51 
and 52. A cover 54 on the metallic pot 12 provides 
openings 56, 58 and 60 through which the retraction 
linkages 62, 64 and 66 extend into the metallic pot 12. 
Motors 68 and 70 are provided for rotation of the cath- 
odes 28 and 30, or 42 and 30. 

The electroreflning process of this invention uses the 
electrolysis cell 10 as described above to recover se- 
quentially U and a mixture of U and Pu from the spent 
fuel. When the preferred embodiment of the electrolysis 
cell, as shown in FIG. 1, is used, i.e., two or more liquid 
cadmium cathodes 28 and 30 are included, the steps of 
the preferred electrorefming process are as follows: 
first, the spent fuel portions of the blanket and core 
subassemblies are chopped or shredded, mixed and 
loaded into one or more anode baskets. The anode bas- 
ket 26 is placed in the electrolysis cell 10 and extended 
into the lower molten cadmium pool 22, which is at a 
temperature of approximately 500*-525* C Portions of 
the spent fuel, in particular U and Pu, arc dissolved in 
the lower molten cadmium pool 22. Alternatively, the 
spent fuel can be dissolved by anodic dissolution, i.e., 
the anode basket 26 is extended into the intermediate 
molten electrolyte pool 22 and becomes an anode, the 
lower molten cadmium pool is a cathode, and portions 
of the spent fuel, in particular U and Pu, are electrolyti- 
cally transported for dissolution to the lower molten 
cadmium pool 22. 

After U and Pu are dissolved in the lower molten 
cadmium pool 22, cadmium chloride may be added to 
the electrolyte pool 24 to oxidize all the alkali and alka- 
line earth metals, most of the lanthanides and sufficient 
amounts of U and Pu to form a 6 mol percent solution 
of UCij and PuCb in the electrolyte. When the lower 
cadmium pool 22 is saturated with U, but not Pu, a first 
molten cadmium cathode 28 is then extended into the 
electrolyte pool 24. Sufficient amounts of U must be 
dissolved to saturate the lower cadmium pool 22 and to 
maintain U-saturation throughout electrotransport and 
deposition of U. The lower molten cadmium pool 22 is 
then made an anode, and U dissolved in the anode is 
electrolytically transported to and deposited on the 
molten cadmium cathode 28. Initially, a minimal 
amount of Pu, less than 1% by weight, is also trans- 
ported and deposited in the cathode 28 to bring the Pu 
activity in the cathode 28 to the same level as that in the 
anode 22. After that, the U dissolved in the anode 22 is 
clectrotransported and deposited on or in the cathode 
28 as a metal. Electrotransport and deposition of U, and 
not Pu, continues until the anode 22 is no longer satu- 
rated with U. 
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During the electrotransport and deposition of U on 
the cathode 28, the cell voltage remains substantially 
constant because the transport of U results in no activity 
change in either the anode or cathode and the potential 
difference between the electrodes remains at zero. Hec- 5 
trotransport and deposition of Pu raises the anode po- 
tential and decreases the cathode potential. Thus, the 
endpoint of the electrotransport of U is indicated by an 
increase in the cell voltage, i.e., the point at which the 
anode potential, as measured with a reference electrode, 10 
increases and the cathode potential decreases. The cad- 
mium cathode 28 containing U can then be retracted 
from the electrolyte pool, and the cathodes removed 
from the cell to a retort where the cadmium is vapor- 
ized and the U is melted. Alternatively, the cadmium 13 
cathode 28 containing U can be retracted from the elec- 
trolyte to the area 32 above the electrolyte pool 24 and 
then removed following the electrotransport and depo- 
sition of the U-Pu mixture. 

A second molten cadmium cathode 30 is then ex- 20 
tended into the electrolyte pool 24, and the remaining U 
and Pu dissolved in the lower molten cadmium pool 
anode 22 is electrotransported and deposited on the 
cathode 30. During this stage of the process, U is depos- 
ited as a metal in the cadmium cathode 30 and Pu com- . 25 
bines with the cadmium to produce PuCda. The cell 
voltage increases at a nearly constant rate throughout 
the electrotransport of U and Pu, and sharply increases 
when the heavy metal content of the anode is ex- 
hausted. The endpoint of the electrotransport and depo- 30 
sition of the U-Pu mixture is indicated by the sharp 
increase in the cell voltage. 

Since Pu combines with, cadmium to produce PuCd^, 
complete electrotransport and deposition of all Pu pres- 
ent would result in a solid cathode of PuCdfi. It is pre- 35 
ferred that the cadmium cathode 30 remain fluid, so the 
electrotransport and deposition of U and Pu should be 
terminated prior to completion, preferably when the Pu 
concentration in the cadmium cathode is approximately 
11 to 15 weight percent. When electrotransport and 40 
deposition of the U-Pu mixture is completed, or termi- 
nated, the second cadmium cathode 30 is retracted from 
the electrolysis cell 10 and placed in a retort to vaporize 
the cadmium and melt the U-Pu mixture. 

As illustrated in FIG. 2, another embodunent of the 45 
electrolytic cell 10 of this invention uses a solid cathode 
42, rather than a molten cadmium cathode, for recover- 
ing the U fraction in the first step of the electrorefining 
process. Since U and Pu deposit sequentially on a solid 
cathode, substantially pure U can be electrotransported 30 
and deposited on a first solid cathode 42 with virtually 
no Pu or rare earth elements depositing on the cathode 
in the metal phase. Also, since U and Pu deposit sequen- 
tially, it is unnecessary to maintain the uranium-satura- 
tion concentration in the anode 22 which is required to 55 
prevent Pu deposition when only molten cadmium 
cathodes are used. Thus, a solid cathode 42 can be used 
to recover the U fraction and then a molten cadmium 
cathode 30 can be used to recover the U-Pu mixture. 
When a solid cathode 42 is used, however, salt contain- 60 
ing chlorides of lanthanides, plutonium and other ele- 
ments cling to the dendritic U deposit and should be 
removed. Thus, an additional processing step to remove 
the salts is typically employed. 

Following the electrotransport and deposition of the 65 
U-Pu mixture, the electrolytic cell 10 in treated and 
restored to repeat the electrorefining process of addi- 
tional spent fuels. First, cadmium chloride is added to. 



the electrolyte pool 24 to remove any remaining traces 
of active metal, i.e., U, Pu, and lanthanides, from the 
anode basket 26. A slightly excessive amount of cad- 
mium chloride can be used to insure that Pu will not be 
lost in the anode basket waste. The anode basket 26 
containing the cladding hulls and other insoluble mate- 
rials is then removed as the metal waste. Lithium and 
potassium are then introduced beneath the surface of 
the molten cadmium pool 22 to reduce first U, then Pu, 
and then a small fraction of the rare earth metals from 
the electrolyte salt pool 24 to the molten cadmium pool 
22. The metals remain in the molten cadmium pool 22 
and are combined with the next load of spent fuel for 
the electrorefining process. Some U and Pu will remain 
in the electrolyte pool 24 because of cquihT>rittm condi- 
tions, but the separation of U and Pu from the rare earth 
metals is sufficient for purposes of this process. 

A large fraction of the electrolyte salt is then either 
transferred through liquid transfer lines to a separate 
vessel or isolated within the electroreflner in a large 
pipe and treated with lithium and potassium in cadmium 
to reduce the rare earth elements and actinides and 
transfer them to the metal phase. The concentration of 
the actinide elements, i.e^, Pu, americurium and curium, 
can be reduced to a sufficiently low level to classify the 
salt as nontransuranic. Thus, the treated salt is substan- 
tially free of both actinides and lanthanides. A sufficient 
amount of the treated salt is returned to the electrolytic 
cell 10 to maintain original concentrations, and then the 
excess treated salt and reducing agent are discarded 
with the metal waste. Also, since the concentration of 
sodium chloride increases in the electrolyte cell during 
the process, any excess sodium chloride is discarded to 
tn^intflin a sodium chloride concentration in the electro- 
lyte salt below about twenty mol percent. Afler the 
electrolyte salt and molten cadmium pool have been 
prepared or treated in this manner, the electrorefining 
process can then be repeated with a new batch of spent 
fuels. 

As presentiy understood by the inventors, the elec- 
trochemical basis for the process of the present inven- 
tion can best be explained in terms of both the solubili- 
ties of U and Pu in cadmium and the ratio of U to Pu in 
spent fuel. The solubilities of U and Pu in cadmium at 
500' C. are O.Ol 14 and 0.0180 mol fraction, respectively. 
On the average, the amounts of U and Pu m the stan- 
dard batch of spent core fuel are 22.4 kg and 4.9 kg, 
respectively. The amounts of U and Pu in the standard 
batch of spent blanket fuel are 40.8 kg and 1.9 kg. re- 
spectively. If the core and blanket fuels are mixed or 
combined, then the U/Pu ratio by mass is 9.24/1. Using 
the similar solubilities of U and Pu and the large U/Pu 
mass ratio, sufHcient amounts of spent fiiel can be dis- 
solved in a molten cadmium pool anode to provide a 
situation where the anode is saturated with U, but not 
with Pu, over sufficient ranges of anode size to deposit 
substantially pure U on a first cathode. 

When molten cadmium cathodes as shown in FIG. 1 
are used, the size of the fu'st cathode 28 is preferably 
considerably smaller than the molten cadmium anode 
22, so that during the electrorefining process, the first 
cathode 28 is saturated with U almost iinmediately. The 
molten cadmium pool anode 22 should be a size suffi- 
ciently large to remain saturated with U until one blan- 
ket batch, or 40 kg, of uranium has been removed,. 
When the standard amounts of spent core and blanket 
fuels are used, the fast cathode 28 preferably contains 
approximately 18.5 kg of cadmium and the molten cad- 
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mium pool 22 anode has a mass of about 850 kg of cad- 
mium. While larger anodes may be used, such sizes 
result in a slightly lower Pu content in the first cathode 
at the expense of considerably less U deposition in the 
first cathode. 5 

When the molten cadmium pool anode 22 is saturated 
with U, but not with Pu, substantially pure U is electro- 
transported and deposited on the first cadmium cathode 
28. In the reference case, approximately 60% of the U 
and less than \% of Pu is transferred in this step. The 10 
remaining U and Pu is electrotransported and deposited 
on the second cadmium cathode 30, with approxunately 
99% of the U and Pu being recovered by the end of the 
process. The U-Pu mixture should contain approxi- 
mately 25-50 wt % Pu to provide a sufficient U-Pu 15 
mixture for use as new driver fuel. 

The size of the second cadmium cathode 30 is deter- 
mined by the amount of Pu being processed, because the 
Pu reacts with the cadmium to form PuCde while the U 
collects as a metal and only slightly affects the volume. 20 
The concentration of Pu m PuCde is 26 weight percent 
and is a weight fraction which corresponds to the reac- 
tion of all cadmium with the Pu resulting in a solid 
cathode of PuCd6. To maintain fluidity in the cathode, 
Pu deposition should be terminated at a lower weight 25 
fraction, preferably at a Pu concentration of 11 to 15 
weight percent. Based on such limitations, the cathode 
volume would be approximately 4.1 liters for deposition 
of 10 kg of the U-Pu mixture at a U/Pu mass ratio of 
approximately 5/1. 30 

When a solid cathode and molten cadmium cathode 
as shown in FIG. 2 is used, it is unnecessary to maintain 
the uranium-saturation in the molten cadmium pool for 
reasons explained above, i.e., U and Pu deposit sequen- 
tially on a solid cathode^ so that substantially pure U can 35 
be collected. Thus, the size of the solid anode and the 
size of the molten cadmium pool can be determined by 
the amount of U processed. The size of the second 
cathode, the molten cadmium cathode, is determined as 
explained above by the amount of Pu processed. 40 

Larger amounts of spent blanket and driver fuels than 
the standard batch could be electroreftned to recover U 
and the U-Pu mixture in the process of this invention. 
The process scales directly, i.e., the ratio of materials 
used remains constant. The process can thus be scaled 45 
up to the point where the amount of Pu present ap- 
proaches the critical mass of a sphere of pure pluto- 
nium. 

While preferred embodiments of the present inven- 
tion have been illustrated and described, it will be un- 50 
derstood that changes and modifications can made 
therem without departing from the invention in broader 
aspects. Various features of the invention are defined in 
the following claims. 

The embodiments of this invention in which an exclu- 55 
sive property or privilege is claimed are defined as 
follows: 

1. A process for refining spent nuclear fuel containing 
uranium and plutonium, comprising the steps of: 

providing an electrolytic cell having a lower molten 60 
cadmium pool containing spent nuclear fuel, an 
intermediate molten electrolyte pool containing 
mixed metal chloride salts floating on said lower 
molten cadmium pool, an anode basket containing 
spent nuclear fuel, a first and second cathode, said 65 
first cathode composed of a solid alloy or molten 
cadmiimi and said second cathode composed of 
molten cadmium, and electrical power means con- 



nected to said molten cadmium pool, said anode 
basket and said cathodes for providing electrical 
power to the cell, 
dissolving additional amounts of uranium and pluto- 
nium from said anode basket in said molten cad- 
mium pool, 

electrolytically depositing substantially pure uranium 
on said first cathode, and 

subsequently electrolytically depositing a mixture of 
uranium and plutonium on said second molten cad- 
mium cathode. 

2. The process of claim 1 wherein said first cathode is 
composed of a solid alloy. 

3. The process of claim 1 wherein said first cathode is 
composed of molten cadmium. 

4. The process of claim 3 wherein said molten cad- 
mium pool is saturated with uranium and remains satu- 
rated with uranium until the step of depositing of ura- 
nium on said first molten cadmium cathode is complete. 

5. The process of claim 4 wherein the cell voltage is 
substantially constant during the step of electrolytically 
depositing uranium on said first cathode. 

6. The process of claim 4 wherein the cell voltage 
increases at a substantially constant rate during the step 
of electrolytically depositing the mixture of uranium 
and plutonium on said second cathode. 

7. A process for refining spent nuclear fuel containing 
uranium and plutonium, comprising the steps of: 

providing an electrolytic cell having a lower molten 
cadmium pool containing spent nuclear fuel, an 
intermediate molten electrolyte pool containing 
mixed metal chloride salts floating on said lower 
molten cadmium pool, an anode basket containing 
spent nuclear fuel, a first and second cathode, said 
first cathode composed of a solid alloy and said 
second cathode composed of molten cadmium, and 
electrical power means connected to said molten 
cadmium pool, said anode basket and said cathodes 
for providing electrical power to the cell, 

dissolving additional amounts of uranium and pluto- 
nium from said anode basket in said molten cad- 
mium pool, 

extending said first cathode into said intermediate 
molten electrolyte pool, 

electrolytically depositing uranium on said first cath- 
ode, 

retracting said first cathode from said intermediate 
molten electrolyte pool, 

subsequently extending said second molten cadmium 
cathode mto said intennediate electrolyte pool, 

electrolytically depositing a mixture of uranium and 
plutonium on said second molten cadmium cath- 
ode, and 

retracting said second molten cadmium cathode from 
said intermediate molten electrolyte. 

8. The process of claim 7 wherein said first cathode is 
composed of a solid alloy. 

9. The process of claim 7 wherein said first cathode is 
composed of molten cadmium. 

10. The process of claim 9 wherein said molten cad- 
mium pool is saturated with uranium and remains satu- 
rated with uranium until the step of electrolytically 
depositing uranium on said first cathode is complete. 

11. The process of claim 10 wherein the cell voltage 
is substantially constant during the step of electrolyti- 
cally depositing uranium on said first cathode. 

12. The process of claim 10 wherein the cell voltage 
increases at a substantially constant rate during the step 
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of electrolytically depositing the mixture of uranium 
and plutonium on said second cathode. 

13. A process for refining spent nuclear fuel contain- 
ing uranium and plutonium, comprising the steps of: 

" providing an electrolytic cell having a lower molten 5 
cadmium pool containing spent nuclear fuel, an 
intermediate molten electrolyte pool containing 
mixed metal chloride salts floating on said lower 
molten cadmiimi pool, an anode basket containing 
spent nuclear fuel, two molten cadmium cathodes, 
and electrical power means connected to said mol- 
ten cadmium pool, said anode basket and said cath- 
odes for providing electrical power to the cell, 

dissolving additional amounts of uranium and pluto- 
nium in said lower molten cadmium pool, 

saturating said lower molten cadmium pool with 
uranium, but not with plutonixmi, 

extending a ftrst molten cadmiimi cathode into said 
intermediate molten electrolyte pool, . 

electrolytically transporting and depositing uranium 
on said first cathode until said lower molten cad- 
mium pool is no longer saturated with uranium, 

extending a second molten cadmium cathode into 
said intermediate molten electrolyte pool, 25 

electrolytically transporting and depositing a mixture 
of uranium and plutonium on said second cathode, 

retracting said first and second cathodes from said 
intermediate molten electrolyte pool, and 

vaporizing said cadmium to provide purified uranium 30 
and uranium-plutonium products. 

14. The process of claim 13 wherein said molten cad- 
mium pool is saturated with uranium and remains satu- 
rated with uranium until the step of electrolytically 
depositing uranium on said first cathode is complete. 33 

15. The process of claim 14 wherem the cell voltage 
is substantially constant during the step of electrolyti- 
cally depositing uranium on said first cathode. 

16. The process of claim 14 wherein the cell voltage 
increases at a substantially constant rate during the 40 
electrolytic deposition of the mixture of uranium and 
plutonium on said second cathode. 



17. An electrolytic cell for recovering U and a mix- 
ture of U and Pu from spent nuclear fuel comprising: 

a metallic pot including forming a lower zone for 
retaining a lower molten cadmium pool containing 
spent nuclear fuel and an intermediate zone for 
retaining a molten electrolyte salt floating on said 
' molten cadmium pool, 

electrode nieans including at least one anode basket 
containing spent nuclear fuel, a first solid cathode 
for collecting U and a second molten cadmium 
cathode for subsequently collecting a mixture of U 
and Pu, 

means for extending said anode basket into the inter- 
mediate and lower zones and said cathodes into the 
intermediate zone, and means for retracting said 
anode basket and said cathodes from said interme- 
diate and lower zones to an area above said zones, 
and 

electrical power means connected to said anode bas- 
ket, said cathodes and said molten cadmium pool 
for providing electrical power to the cell. 

18. An electrolytic cell for recovering U and a mix- 
ture of U and Pu from spent nuclear fuel comprising: 

a metallic pot including forming a lower zone for 
retaining a lower molten cadmium pool containing 
spent nuclear fuel and an intermediate zone for 
retaining a molten electrolyte salt floating on said 
molten cadmium pool, 

electrode means including at least one anode basket 
containing spent nuclear fuel, a first molten cad- 
mium cathode for collecting U and a second mol- 
ten cadmium cathode for subsequently collecting a 
mixture of U and Pu, 

means for extending said anode basket into the inter- 
mediate and lower zones and said cathodes into the 

' intermediate zone, and means for retracting said 
anode basket and cathodes from said intermediate 
and lower zones to an area above said zones, and 

electrical power means connected to said anode bas- 
ket, said cathodes and said molten cadmium pool 
for providing electrical power to the cell. 
» ♦ ♦ « ♦ 
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